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IS : 6134 (Part V) - 1980

Indian Standard
METHODS OF MEASUREMENT ON MICROWAVE TUBES
PART V PARASITIC NOISE

0. FOREWORD
0.1 This Indian Standard (Part V) was adopted by the Indian Standards Institution on 11 March 1980, after the draft finalized by the Electron Tubes Sectional Committee had been approved by the Electronics and Telecommunication Division Council. 0.2 This standard (Part V) deals with representative methods for measurement of noise developed in microwave tubes. These methods are summarized and compared in Appendix A to facilitate selection of the best method for use in a particular situation. 0.3 The methods of measurement given in this standard are sufliciently accurate to provide a means of assessing noise contributed by the microwave tube within acceptable limits. 0.4 While preparing this standard assistance has been derived from the following publications issued by the International Electrotechnical Commission : IEC Publication 235-2A (1974)-First Supplement to Publication 235-Z (1972) Measurement of the electrical properties of microwave tubes: Part 2 General measurements. IEC Publication 235-2D (1976)-Fourth Supplement to Publication 235-2 (1972) Measurement of the electrical properties of microwave tubes: Part 2 General measurements. 0.5 In reporting the result of a test made in accordance with this standard, if the final value, observed or calculated, is to be rounded off, it shall be done in accordance with IS : 2-1960". 1. SCOPE 1.1 This standard (Part V) deals with representative methods for measurement of noise developed in microwave tubes.
*Rules for rounding off numerical values (reoised).
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IS : 6134 (Part V) - 1980 2. TERMINOLOGY
(Part IV/Set 6)-19727 shall apply. 2.1.1 Parasitic Noise (in an Electronic Tube) - Energy generated within an electronic tube and detected as undesired sound, visual disturbance or unwanted electrical signal.

2.1 For the purpose of this standard, the following terms and definitions in addition to those given in IS : 1885 (Part IV/Set 3)-1970* and IS : 1885

band.

2.1.2 Parasitic Radio-Frequency Noise -- Noise within the radio-frequency

NOTE - When the terms `noise' is used in the following definitions in this document, it is intended to refer to parasitic noise as defined in this clause.

3. GENERAL THEORY assess the contribution of the tube to system performance degradation arising from noise. Consequently, the type of noise measurement that may be desirable is not solely dependent on the type of tube (that is, oscillator or amplifier) but also on the system application for which it is to be used.

3.1 Introduction - Noise measurements are made on microwave tubes to

3.1.1 In noise measurements, frequency modulation and phase modulation components are indistinguishable. The result of such a measurement may thus be expressed in either way. Measurements of noise can be made with accuracy only if the system is carefully matched throughout. 3.2 Classification of Noise - In general terms, noise effects may be described as background noise or modulation noise. The difference may be described as follows. 3.2.1 Background Noise - Noise that is always present within a microwave tube. It is very broad-band, having a frequency distribution as shown in Fig. 1. It is usually random noise made up of thermal noise, flicker noise, shot noise, ionic noise and noise arising from any other random process. Background noise in an amplifier is expressed in terms of noise figure. 3.2.2 Modulation Noise - Modulation noise (see also Appendix B) arises from interaction of a carrier with modulating signals (see 3.2.2.1 and 3.2.2.2). This generally results in simultaneous amplitude and frequency modulation sidebands. Modulation noise is measured and expressed in terms of carrierto-noise ratio. In most practical cases, the measurement may be expressed as the ratio of the carrier power plus overall noise power to the noise power within a stated bandwidth measured at a stated frequency distance from the carrier frequency. 3.2.2.1 Modulation by background noise -When modulation noise is a result of modulation by background noise, the sidebands are correlated with each other but they are not coherent.
*Electrotechnical vocabulary: Part IV Electron tubes, Section 3 Microwave tubes. tElectrotechnica1 vocabulary: Part IV Electron tubes, Section 6 Noise in microwave tubes.
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3.2.2.2 Modulation by other e&cts - When modulation noise is a result of modulation by a coherent or quasi-coherent signal, such as hum or ionic oscillations, the sidebands are correlated with each other and with the carrier. They are also coherent or quasi-coherent and may give rise to anomalous spectral lines in, for example, doppler radars. The frequency distribution of modulation noise is usually as shown in Fig. 2. > tG z *uJ 0 E 3 E? t? kz $
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IS : 6134 (Part V) - 1980 4. NOISE REFERENCE AND CALIBRATION SOURCES 4.1 Noise Reference and Calibration Source for Background Noise The basic source for noise power in microwave measurements is the calibrated gas discharge tube. The output power from such a tube is very broadband and of the order of 15 dB to 18 dB above thermal noise. The tube is calibrated with a standard for use as a reference for all the usual measurements.
basis.
NOTE - In the absence of standard, the manufacturers' test certificate shall be the

4.2 Noise Reference and Calibration Source for Modulation Noise In the calibration of the modulation noise measurement system, use should be made of signal generators having internal or external A.M./F.M. modulators of stated low modulation index. In the calibration, the outputs corresponding to several stated values of modulation index are noted and a calibration curve is drawn. 5. MEASUREMENTS 5.0 Introduction 5.0.1 Method of measuring noise are basically similar in that they all involve the measurement of a small amount of noise power in a relatively narrow bandwidth. The availability of various methods of isolation, detection and analysis of this power leads to a wide range of methods for particular applications. 5.02 The methods given in this standard are representative. Other combinations, particularly of calibration and analysis, may give equally useful results for particular applications. 5.0.3 A inethod commonly used, but not described in detail in this standard, is that of noise factor degradation. This method is more associated with equipment tests than with device tests, but is often used because it represents a real working situation. 5.0.3.1 In this method, the noise factor of a receiver is measured, first with a standard or reference device, and then with a device whose performance is required to be known. The change in noise factor between these two measurements represents the quality of the device being measured, and is expressed as a noise factor degradation. This method is very useful for comparing a series of devices without necessarily giving an absolute value for the device noise factor. 5.0.4 Other effects in the tube being measured, such as unwanted oscillations, instability, drift and jitter, may contribute to the noise power measured, but rt is not the purpose of the meth&ls given in this standard to distinguish between the causes of noise, but simply to measure its value. 5.0.4.1 Because of the variety of measurements to be made, it is usually convenient to combine the different methods by use of the same equipment, 6

IS : 6134 (Part V) - 1980
which may be connected in such a way that by simple rearrangement several different measurements can be made, such as amplitude modulation noise and frequency modulation noise by changing the phase of a reference carrier. 5.0.5 The methods of measurement described in this standard have been divided into two groups, those related to background noise and those related to modulation noise. 5.0.5.1 Full measurements on a particular type of tube reveal the predominant noise component and subsequently the method of measurement may be restricted to this type of noise. 5.0.5.2 There is, therefore, some overlap between the methods of measurement carried out in a particular sideband frequency range. 5.0.6 The frequency deviation of the signal generatcr is calibrated by the `disappearing carrier' method and interpolated to the low modulation indices usually required by reducing the electronic tuning voltage by means of a calibrated variable attenuator. 5.0.7 Precautions are taken to ensure a linear frequency modulation characteristic and to minimize incidental amplitude modulation of the signal generator. 5.0.8 Any effect of unwanted frequency modulation of the calibrating signal generator may be minimized by using a narrow-band-indicator or example, spectrum analyser) tuned to the frequency of the calibrating Modulation. 5.0.9 When a noticeable modulation noise occurs in a region where background noise is present, both methods may be used. 5.0.10 Adequate shielding shall be provided to protect the test equipment against. the electromagnetic interference. 5.1 Background Noise Measurements - Background noise in the absence of a carrier signal is generally measured using a heterodyne receiver because direct detection would have poor sensitivity at low power levels and suffer from the very considerable noise generated by a semiconductor detector at very low frequencies. The heterodyne local oscillator provides the correct carrier level for minimum noise factor of the detector. Suitable amplification at intermediate frequency then permits an accurate measurement to be made. When a carrier is present, it is used as a local oscillator signal to transform a portion of the background noise to an intermediate frequency. The bandwidth and centre frequency of the intermediate frequency amplifier determines, which portion of the background noise spectrum in relation to the signal carrier frequency is being measured. This is illustrated in Fig. 3. The level of this portion is measured on an intermediate frequency receiver. The sidebands are then suppressed by appropriate means and a known amount of noise from a noise source is substituted to give the same receiver indication. Thus the intermediate

IS : 6134 (Part V) - 1980 frequency receiver is used to compare the calibrated noise power with that from the tube being measured. The advantage of this method is its simplicity and the fact that the determination of the receiver noise factor and calibration of the output meter are necessary. I.F. BANDWIDTH RECEIVING THE LOWER SIDEBAND I I.F. BANDWIDTH RECEIVING THE UPPER SIDEBAND
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IS : 6134 (Part V) - 1980 5.1.1.1 l~hcory - This method is used for measurements in the absence of a carrier for noise factors in the range approximately 3 dB to 30 dB and particularly for travelling-wave tubes. The accuracy can be within 0.1 dB. The noise output from the amplifier tube is measured with the tube input first connected to a matched termination at the reference temperature and tlrcn to a calibrated noise source. The noise factor is evaluated by comparing the known amount of noise power added from the noise source with the indicated power generated by the amplifier. The result of the measurement is the measured value of the noise factor averaged over the receiver bandwidth, which usually comprises both upper and lower sidebands equally spaced from the reference frequency by the intermediate. frequency of the receiver. 5.1.1.2 Measurement -- The tube is operated, under stated conditions, in the circuit shown in Fig. 4. With the noise source switched off, the receiver is tuned to the reference frequency and is adjusted to give a suitable output, which is recorded. With the noise source switched on, the additional attenuation A, required to obtain the same receiver output, is recorded. When the gain of the tube being measured is sufficiently high and any noise contribution from the attenuator can be neglected, the noise factor 1; is given by: L?VR F== A-_l where EJVR -= excess noise ratio of the noise source, and A = additional attenuation expressed as a power ratio. <Ihe noise factor F may also be expressed in decibels as: F = lo log,, g
12'0~~ 1 - A heterodyne receiver is usually used. If the receiver is operated over a linear range of intermediate frequency power conversion, an intermediate frequency z~ttcnuator may bc used in place of a radio-frequency attenuator. The tube noise factor .,!tould then be calculated from the formula: F __ FrEJ'R A-1

1
g

where Fr = receiver noise factor, and g = gain of tube being measured (expressed as a power ratio).
NOTE 2 - For a heterodyne receiver, the intermediate frequency and bandwidth should be chosen to represent a situation in which the tube being measured is expected to be wed. For intermediate frequencies greater than 10 MHz, the modulation noise is usually 3lot significant.
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The indicated noise power is the average over the single or double sideband frequency range(s) according to the type of receiver used. The local oscillator of a double-sideband receiver is tuned to the reference frequency so that the noise power is averaged over two bands equally spaced from the reference frequency by the intermediate frequency. The noise factor over a narrow bandwidth, which will approach a true spot noise factor, can be measured by using a narrow-band receiver of a spectrum analyser. NOTE 3 - For tubes with a high noise factor, the noise source output may be increased bv suitable amolification. for example. a travelling-wave tube between the noise source a6d the tube being measured. The new value of EjVR is then: ENR'=g'(ENR-+-F') - 1 where g' =: noise amplifier gain expressed as a power ratio, and I;' = noise factor of the noise amplifier. NOTE 4 -The ratio of the noise output power from the tube with the noise source switched on, to the power with the noise source switched off, is known as the Y-factor. This ratio is given by A as long as the noise contribution from the attenuator and the receiver can be neglected. NOTE 5 - A continuous reading or automatic noise factor measurement may be made by using a switched noise source and a synchronous detector in the receiver. The Y-factor is indicated on a meter calibrated directly in noise factor. A suitable switching frequency, for example 1 kHz, permits swept frequency measurements to be displayed on an oscilloscope or recorder. 5.1.1.3 Precautions - The following precautions shall be taken during measurement : a) `The initial value of attenuation should be as small as possible. b j The noise source shall be correctly terminated. Where the termination is not part of the noise tube mount, the manufacturer's requircments shall be complied with. Cl An isolator may be necessary to prevent interaction with the receiver input circuit. 4 In double-sideband measurements, it may be necessary to confirm that the noise figure of the tube does not vary substantially over the frequency range represented by the upper and lower sidebands, so that the result obtained may be considered as representing the value at the reference frequency. , e) If a rejection filter is used to provide single-sideband reception, an isolator should be used to prevent reflection back to the tube being measured. 5.1.2 Sideband Noise Measurement Using a Tunable Filter 5.1.2.1 Theory-A block diagram of the circuit for this method is shown in Fig. 5. The noise sidebands to be measured are associated with a carrier of sufficient power to operate the detector as a mixer with optimum noise factor and conversion loss. The carrier is maintained at this leve1 while the noise in the upper and lower sidebands, corresponding to the 10

IS : 6134 (Part V) - 1980 intermediate frequency separation from the carrier and intermediate frequency bandwidth (Fig. 3), is compared with the reference noise power. The comparison is made by suppressing the tube noise sidebands by means of a filter and replacing them by power from the calibrated noise source. Because the intermediate frequency output indication is the average over upper and lower sidebands, noise peaks or symmetry are not indicated. The main purpose of the measurement is to determine the noise that will be contributed to receiver noise by a local osillator and hence the intermediate frequency will usually be chosen to lie above any modulation sidebands, but the indication will include amplitude modulation noise plus background noise. The sensitivity and resolution in low-level measurements depend on the sensitivity of the measuring equipment used. To attain levels approaching - 174 dBm/Hz, it is necessary to use a correlation-level meter or synchronous detectcr. 5.1.2.2 Measurement - The tube to be measured is connected in the circuit shown in Fig. 5. In this circuit, the tunable filter is used to transmit the reference frequency with or without is associated sidebands. The directional coupler is usually a 3 dB hybrid. With the cavity initially detuned, to transmit the reference frequency only, the variable short circuit is adjusted for minimum transmission, and the cavity is tuned for maximum transmission through the filter. The tube to be measured is adjusted to operate at the reference frequency under optimum-power conditions. The tunable filter is then adjusted to provide transmission of the reference frequency and its noise sidebands. The power into the detector is adjusted to a suitable level, as indicated by the detector rectified current, and the gain of the amplifier is adjusted to provide a convenient output indication. The noise source is switched on and the tunable filter is adjusted to provide transmission of the reference frequency only. The attenuator in the noise source arm is then adjusted to retrun the output indication to the same value as that obtained with the transmission of the reference frequency and the noise sidebands. It is essential throughout these measurements that the power into the detector be maintained at a fixed level. For that part of the measurement in which the noise source output is not required, sufficient attenuation is inserted to remove effectively the noise source power. The required noise power P, per unit bandwidth at the detector input is expressed in dBm/Hz by the formula: P,=X To +ENR-A,,--Ld +S where XT, = - 174 dBm/Hz; ENR = excess noise ratio of noise source, in dB 11
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= 10 log,, -.!----

l- -2911 2'30

T1 == noise temperature of the noise source ; . A,, = attenuation of the calibrated variable attenuator, in dB; Ld = attenuation caused by the coupler and isolator 2, in dB; and

s =

1 0 log,,.&

I

where Sr is the sideband suppression factor of the filter expressed as a power ratio greater than unity. The value of S, can be determined by a separate measurement of the transmission loss of the filter at the upper and lower sideband frequencies used in the measurement. The loss is measured for the two filter settings used in the measurement. The ratio of these values gives the suppression factor. If the factor varies over the sideband frequency range corresponding to the bandwidth of the intermediate frequency amplifier, an average value shall be taken, and if double-sideband detection is used, transmitted power in the two sidebands for the same incident power shall be added before the ratio is taken. +`r can also be determined during the measurement by injecting signal at a sideband frequency into isolator 1, via a directional coupler. The ratio of the powers required to produce the same additional effect in the receiver in each of the two parts of the measurement gives a value of the suppression factor. It shall be averaged, as for the separate determination. To determine the carrier-to-noise ratio, the carrier-frequency power is measured at, or referred to, the detector input. In the preceding expressions, it is assumed that all the circuit elements are in thermal equilibrium at 290 K and that their noise contribution is negligible. In the above method, the noise power of the tube is measurable, provided the value of noise at the detector input does not exceed that of the noise source, which is usually 15 dB or 18 dB above the thermal noise. If the noise power from the tube is higher than 15 dB to 18 dB, an attenuator may be inserted into the amplifier circuit, for example, between the detector and the receiver amplifier. In this case, arrangements are made so that the attenuator may be switched off during the part of the measurement involving the use of noise source, and it should be ascertained that this does not significantly affect the noise performance of the receiver. Alternatively, the power from the noise source may be amplified to a level comparable to the noise power being measured. This necessitates measurcment of the gain and noise factor of the amplified used, the amplifier excess noise ratio being expressed as in 5.1.1.2 (Note 3). 12
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IS : 6134 (Part V) - 1980 5.1.3 Sideband Noise Measurement (Amplitude Modulation and Frequency Modulation Noises and Their Correlation) Using 7~00 Tunable Rejection Filters 5.1.3.1 Theory -A block diagram of the circuit is shown in Fig. 6. It has two identical microwave rejection filters tuned simultaneously or in turn to the frcqucncies of the upper and/or lower sidebandvmeasured. T h e noise in the upper and/or lower sidebands corresponding to the intermediate frequency separation from the carrier and intermediate tiequency bandwidth is compared with reference noise power. The comparison is made by suppressing either or both sideband spectra using rejection filters 1 and 2 and replacing them b.y polver from the calibrated noise source. With the filters detuned, the intermediate ficquenc) output indication is the sum of the powers in the upper and lower sidebands. With both filters detuned simultaneously, the indication is proportional to amplitude modulation noise, that is, in this case the method is capable of indicating the same value as the method according to 5.1.2. With one rejection filter tuned for suppression of the upper sideband and the other filter detuned, the indication is proportional to the sum of amplitude modulation and frequency modulation noise powers of the lower sideband plus (minus) power dependent on correlation between amplitude modulation and frequency modulation noise. With one filter tuned to the lower sideband the indication is proportional to the sum of amplitude modulation and frequency modulation noise powers of the upper sideband minus (plus) power dependent on the correlation of amplitude modulation and frequency modulation noise. From the readings obtained with the three modes of filter tuning, one can determine the amplitude modulation noise power, the frequent) modulation noise power and their correlation coefficient. 5.1.3.2, Measurement - The tube to be measured is connected in the circuit shown in Fig. 6. In this circuit, rejection filters 1 and 2 are used to transmit the carrier without its associated sidebands or with one (upper or lower) sidebands. To transmit the carrier only, the rejection filters are adjusted for suppression of the upper and lower sidebands. To transmit the carrier with one or both sidebands, the rejection filters are detuned in turn or simultaneously. The tube to be measured is adjusted to operate at the reference frequency at the maximum power level. The rejection filters are detuned from sideband frequencies. The power into the detector is adjusted to a suitable level and the gain of the amplifier is adjusted to provide a convenient output indication. The rejection filters are tuned for the suppression of both sidebands, and the noise source is switched on. The calibrated attenuator in the noise source arm is adjusted to return the output indication to the same value as that obtained with the transmission of the carrier and its sidebands. The indication (Ansl) of the calibrated attenuator is then read. One rejection filter is then detuned and the calibrated attenuator is adjusted to return the indication to the previous value. The indication 14
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(A,& of the calibrated attenuator is read. Then the other rejection filter is detuned, and the first one is tuned to the same sideband to which it was tuned previously. The indication (Ansg) of the calibrated attenuator is then read. NOTE - Amplitude to frequency characteristics of filters used in these measuremerlts

are to be identical. Filter bandwidths are chosen so that the suppression of the carrier is negligibly small when the filters arc tuned to the required sideband frequencies. When the yaluc of the sideband suppression by the filters within the passband of the intermediate frequency amplifier is greater than 15 dB to 20 dB, the effect of the sideband residual power may be ignored.

From the measurement results, power spectral densities in W/Hz at the detector input arc calculated: a) The spectral density of A.M. noise power for both sidebands is: ZI' Tn P.i.ar. = m II) `lie spectral density of the upper sideband power is: P up

h-. Tn =Am,. Li

IS : 6134 (Part V) - 1980 c) The spectral density of the lower sideband power is:
&-. Tn &W = A r&X Ld Boltzmann's constant (1.38
x

lo-`3 J/K),

noise temperature of noise source, attenuation due to coupler and isolator 2 expressed ns a power ratio, attenuation of the calibrated variable attenuator exprcsscd as a power ratio, attenuation of the calibrated variable attenuator expressed as a power ratio, and attenuation of the calibrated variable attenuator expressed as a power ratio. The spectral density of the frequency modulation noise power, PF,hf., at the detector input (for both sidebands) is calculated from the values obtained according to the formula :
PF.M. = pun + 4,~ - If.\.hl. and the correlation coefficient C between A.M. and F.M. noise components is defined by the formuIa:

PUP - Plow - 4Ph.M. 2/&M. To determine the carrier-to-noise ratio for A.M. and F.M. components, the carrier-frequency power should be mcasurcd at, or referred to, the detector input. If the noise power from the tube is higher than 15 dB to 18 dB, and attenuator may be inserted into the amplifier circuit, for example, bemeen the detector and the intermediate frequency amplifier. In this case, arrangements are made so that the attenuator may be switched out during the part of the measurement involving the use of the noise source, and it should be ascertained that this does not significantly affect the noise performance of the receiver. Alternatively, the power from the noise source can be amplified to a Ie\rel comparable to the noise power being measured. This necessitates measurement of the gain and noise factor of the amplifier used, the amplifier excess noise ratio being expressed as in 5.1.1.2 (Note 3). c=
NOTE 1 -If background noise is present in the oscillator noise, the method do= not allow the separation of background noise from amplitude modulation no&c. In this case, the correlation coefficient will not be accurate. However, in any case this method allows the correct measurement of the frequency modulation noise component.

16
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KoTr. 2 -- In this method, the noise power of the tube is measurable, provided the value of noise at the detector input does not exceed that of the noise source, which is usually 15 dB or 18 dB above the thernral noise.

5.1.4 Sideband Noise Measurement Using a Balanced Mixer 5.1.4.1 Theory - A block diagram of the circuit for this method is shown in Fjg. 7. The theory given for 5.1.2 applies, except for the method of suppressmg and replacing the tube noise sidebands, and for the case that both detectors of the balanced mixer receive sufficient carrier power. A balanced miser is used to suppress noise sidebands and to substitute a known noise power from a calibrated noise source. The principle of this system can be explained as follows : The balanced mixer comprises a 3 dR hybrid having two radio-frequency input ports (sometimes referred to as signal input and local oscillator input), and a detector in each of the two symmetric output ports. A detected (or intermediate frequency) output is obtained by connecting the two diode detectors of opposite polarity in parallel into a suitable intermediate frequency amplifier. This will be referred to as anti-phase operation. Used in this way, the balanced mixer provides considerable suppression of unwanted local-oscillator noise sidebands in the intermediate frequency output. These, naturally, have entered the mixer by the same input port as the local-oscillator carrier. The signal, which has entered the mixer by the input port, is unsuppressed in the intermediate frequency output. This is the normal USC of a balanced mixer. If however, the diode detectors used in the mixer are of the same polarity, the situation is reversed. Thus, for this mode of operation (referred to as in-phase operation), the signal is suppressed in the intermediate frequency output while the `local oscillator noise sidebands remain unsuppressed in the intermediate frequency output. These two modes of operation are used to measure the noise sidebands of an oscillator as shown schematically in Fig. 7. With the tube being measured connected vin calibrated level-setting attenuator 1 and isolator to one radio-frequency input port of a balanced mixer, a known noise source is connected via calibrated attenuator 2 to the other radio-frequency input port of the mixer. The intermediate frequency output connections from the diode detectors to the intermediate frequency amplifier are arranged so that the polarity of one of the diodes can be reversed by a switch. It is therefore possible to switch from in-phase to anti-phase modes of operation of the mixer and compare the tube directly with the known noise source. 111 proof of this, let P, = excess oscillator noise power per unit bandwidth, 17

IS : 6134 (Part V) - 1980 Pn = excess noise polver of the noise source and attenuator per unit bandwidth, and & = balanced mixer suppression espressed as a power ratio greater than unitv. Thus in the in-phak mode: P, I . F . output=PO + T; f I . F . output=P, + 2 f If Pn is adjusted so that the; intermediate frequency output is the same in both modes : Ia the anti-phase mode:

hence PO =P,.
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5.1.4.2 Measurement - The tube is connected as shown in Fig. 7, and attenuator 1 is adjusted to provide a suitable carrier level at the detectors. 18

IS : 6134 (Part V) - 1980 The method of measurement is first to set the intermediate frequency gain so that the level of sideband noise gives a convenient readin\? on the intermediate frequency output meter when the mixer is switched to the in-phase mode. The mixer is then switched to the anti-phase mode and attenuator 2 is adjusted until the. same indication is obtained on the intermediate frequency output meter. The oscillator sideband excess noise, attenuated by attenuator 1 and the forward loss of the isolator, is then exactly equal to the excess noise provided by the noise attenuated bv attenuator 2. The result is expressed in the same units as that of the n&se source. 5.1.4.3 Precaution - By techniques of selectin g diodes in matched pairs and by applyivg dc bias to each diode it is possible to obtain power suppression ratios up to 50 dR Care shall be taken to arrange the switching of diode intermediate fiequency connection so that the intermediate frequency and radio-frequency impedances of the diodes rema.in unaffected by the switching operation. This is best achieved by maintaining geometrical symmetry in the switching system and arranging identical individual switches for both diodes.
provides greater sensitivity of measurement, as may be seen from the proof given above.
NOTE 1 - It is not necessary to know the amount of suppression provided by tile mixer in order to calculate the sideband noise. However, a high degree of suppression NOTE 2 - A further advantage of this method is that optimizing of the suppression ratio does not require auxiliary measurements that could involve dismantling the measurement system. The optimizing can be carried out immediately prior to the measurement at the exact intermediate frequencv and radio frequcncv settings of the actual oscillator under test. All that is required is to introduce maximum attenuation between the noise source and the mixer and maximize the differcnre between in-phase and anti-phase intermediate frequency output levels by adjustment of dc bias and diode selection.

5.2 Modulation Noise Measurements - In the measurement of amplitude modulation noise, small variations in frequency must not produce variations in the detected signal. This implies a flat frequency response over the measurement band. In the measurement of frequency modulation noise, it is necessary to USC a frequency discriminator for detection, and this will result in the detection of both amplitude modulation noise and frequency modulation noise. Means of separating and measuring the two components are deseribed below. The background noise will inevitably contribute to the measured value but, generally, this is relatively small in aniount at frequencies close to the carrier ancl may be ignored. At frequencies spaced less than about 1 MHz from the carrier, accurate measurements of amplitude modulation noise are difficult because the video crystal detector contributes low-frequency (flicker) noise of the order of -120 dB/Hz. Account should be taken of the reduction of the conversion 19

IS : 6134 (Part V) - 1980 coefficient of the frequency discriminator with reduction of modulating frequency according to the law.

Where

B* is half

the bandwidth of a discriminator resonator.

The reduction of the conversion coefficient results in an increased importance of detector noises at low frequencies. N OTE 1 - The use ofbarkward or hot-carrier diodes will reduce the limitation imposed
by the flicker noise to a deviation of approximately 10 kHz from the carrier.
N OTE 2 - It .should also bc noted that the effectlvc bandwidth and incremental sensitivity of the detector and amplifier depend on both the power delivered to the detector and the separate bandwidths of the derrctor and the amplifier. The detector is usually operated as a linear detector with a bandwidth much greater than that of the amplifier which follows it, SO that the carrier-to-noise ratio is preserved through detection, the direct component of detector output being proportional to the carrier amplitude and the alternating component proportional to the rms amplitude. The carrier-to-noise ratio is given in decibels by the relation:

PC 10 log,, p = 20 log,, p dB, in a bandwidth of B Hz n BC
where PC = carrier power delivered to the detector (W), P,, = noise power delivered to the detector (W), VdC = direct voltage developed across load (V), V,, = rms noise voltage developed across detector load (V), and R = amplifier bandwidth (Hz).

The noise voltage may be either mainly at a single frequency or spreadpver a frequeltcy band. In the latter case. the noi? power Pn can be replaced by the noise power density g and the rms noise voltage by 2 SO that the carrier-to-noise density ratio is given in dB. dB/Hz. Generally, when the ratio is not preserved after detection, it is expressed by the relation : 10 log,, 2 = 20 log,, ;+ RdB (dB/Hz) ac for bandwidth of 1 Hz, where R=Ratio of incremental to direct sensitivity of the detector which depends on detector response to both frequency and power level and on the amplifier bandwidth, which shall be determined by calibration. The noise power may be expressed as a power density. The technique of carrier cancellation or suppression is useful for measuring high carrier-to-noise ratios when the required sidebands are not too near the carrier and carrier power is well above the minimum required for measurement. Either a narrow stop-band filter or a bridge tuned to the carrier frequency may be used prior to the detector or, particularly in amplifier noise measurements, a sample of the carrier may be reinjected after `cleaning' if necessary, so as to cancel or reduce the noise carrier and leave the noise sidebands to.pass through the detector for measurement. The amount of suppression, in dB., shall be .measured and added to the observed ratio, in dB, in order to obtain the carrier-to-noise ratio of the tube being measured.

20

IS : 6134 (Part V) - 1980
NOTE 3 -Types of discriminator-Several types of discriminator are available for use in noise measurements. Radio-frequency discriminators are based on either the frequency response of a high-Q cavity or a dispersion characteristic introduced by means of a delay line. The high-Q cavity discriminator is useful for low sideband frequencies in the range. I kHz (lower with stabilised mean frequency) to 10 kHz and can resolve in a 70 Hz band from 0.01 Hz rms deviation up to 300 Hz. The delay line or twopath discriminator is useful for sideband frequencies in the range 10 kHz to 10 MHz and can resolve in a 3 kHz band from 10 HZ up to 3 MHz rms deviation at a sideband frequency of 10 MHz. Various arrangements to provide carrier suppression or sampling and filtering or reintroduction with phase change can be used, but the basic charactcristics of these discriminators are similar near the centre frequency with regard to the Sensitivity to amplitude form of the curve of output voltage wsus frequency. modulation can be minimized by balancing the carrier component, but as the sideband frequency increases the amount of suppression decreases. Intermediate frequency discriminators are of kithcr analoguc or counter type. The analogue type is based, as at radio-frequency, on a resonance response, but has the advantages that a limiter can bc used to suppress amplitude modulation and that the measurement frequency can easily be changed or swept. A disadvantage is that local-oscillator frequency modulation shall be low compared with that of the tube being measured. It is generally used for wideband frequency modulation measurements for sideband frequencies in the range 300 Hz to 10 MHz and can resolve 5 Hz rmsin a 4 kHz band. A counter discriminator is inherently insensitive to amplitude modulation, but is dependent upon local oscillator quality. It is useful for low modulation frcquencies particularly in the range where noise and frequency instability are indistinguishable.

5.2.1 Amplitude Modulation Noise Measurement by Direct Detection 5.2.1.1 Theory - A block diagram of the circuit for this measurement is shown in Fig. 8. The power delivered to the detector is adjusted to the value normally required for mixer operation. In this way, the carrier may be considered at the output of a local oscillator, and the noise sidebands as the signal. Provided the combination of detector and first amplifier stage is adequately designed, it is possible to measure within a few decibels of thermal noise level over most of the sideband range from 1 MHz to 100 MHz, to obtain a carrier-to-AM plus background noise
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IS : 6134 (Part V) - 1980 The method is also useful for noise ratio of approximately 170 dB/Hz. sideband frequencies down to the carrier where it is used for the measurement of noise caused by power supply ripple and mechanical vibrations, for which a carrier-to-noise ratio of 60 dB to 80 dB may be required. 5.2.1.2 Measurement - The tube is operated under stated conditions. A portion of the output power is applied to the detector, the resulting rectified current being used to indicate carrier level. The carrier is adjusted to a suitable level by means of the level setting attenuator. The alternating components of the detector current caused by amplitude modulation are amplified by the selective amplifier. In order to determine the carrier-tonoise ratio, the output from the amplifier is measured with a rms voltmeter and compared with the power delivered to the detector. The circuit is calibrated by determining the sensitivity of the amplifier and indicator by means of a calibrating signal generator, and separately determining the power delivered to the detector to provide the reference indication. The calibrating generator may be either a calibrated noise In the latter case, it is necessary source or a sinusoidal signal generator. to plot the amplifier response in order to determine the effective bandwidth. It is also necessary to know the incremental sensitivity of the detector at the sideband frequency so that the changes in power delivered to it can be related to the alternating component measured by means of the amplifier. The carrier-to-noise ratio can be calculated using the formulae given in Note 2 under 5.2 either for the bandwidth of the selective amplifier or for a bandwidth of 1 Hz. Calibration may also be carried out by replacing the tube by a signal generator amplitude modulated at known depth and frequency, the modulation frequency being varied to obtain the detector and ampliIier b:ndwidth. For high power tubes, a portion of the output power is supplied to the detector by means of a suitable directional coupler. The amplifier may be a tunable,selective amplifier or a spectrum analyscr having a bandwidth that will provide the required resolution of the amplitude modulation sideband components. For the lowest noise level, a synchronous or phase detector should be used as the indicator. 5.2.1.3 Precaution-The video bandwidth of the detector should be sufficient to include all the required noise products. 5.2.2 Frequency Modulation Noise IVleasurement by Direct Detection (SimpliJed Metkod) 5.2.2.1 T/lea?,!-A block diagram of the circuit for this method is shown in Fig. 9. A sample of the signal is detected by a discriminator giving an output proportional to both amplitude and frequency. The detected signal caused by amplitude modulation noise is in many cases negligible in comparison with the signal caused by frequency modulation noise and therefore this method can be used to measure frequency modulation noise. 22

IS : 6134 (Part V) - 1980 `The bandwidth of the discriminator providing the output proportional to frequency should be somewhat greater than the band of measurement but, since the sensitivity is inversely proportional to bandwidth, not much greater than will give reasonable linerity of output versus frequency.
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The method is also useful for measuring the effects of power supply ripple to within a few hertz from the carrier. 5.2.2.2 A.Jeasuremcnt - The tube is operated under stated conditions. One power sample is taken for the measurement circuit which consists of a variable attenuator, a discriminator and a detector. The output voltage of the detector is mainly dc with small alternating components, superimposed proportional to the frequency deviations. The variable attenuator is adjusted so that the reference dc voltage at the detector is madr equal to the optimum value for detrctor noise factor. The input to the selective amplifier is then proportional to the frrquency deviation and to the reference level. The frequency deviations caused by noise may be measured quantitatively by the calibration of the system using a frequency-modulated signal generator 23
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in place of the tube being measured. The reading on the voltmeter corresponding to a known amount of frequency deviation provided by the frequency-modulated signal generator is recorded for various deviations and modulation frequencies, and a calibration curve is drawn. The spectrum of the frequency modulation noise can be obtained by tuning the selective amplifier over the required sideband range or displayed by means of a spectrum analyser. A wideband amplifier may be used to obtain the total rms deviation over a stated sideband frequency range.
N OTE-The discriminator used can be a tuned cavity. The tuning frequency and 4 are chwm SO that the band of measurement is covered by onr side of the response curve. 5.2.3 Frequency modulation noise measurement by direct detection using a two-path discriminator.

5.2.3.1 ZIeo?;v - A block dia:gram of the circuit for this method is shown in Fig. 10. A two-path discriminator is used because of its good performance over a wide range of sideband frequencies. A balanced detector and differential amphfier provide an output proportional to frequency deviation and relatively insensitive to amplitude modulation. The discriminator bandwidth is chosen to accommodate the required band of measurement on the linear part of the sinusoidal response curve centered on the reference frequency. Excessive bandwidth will reduce the output level due to frequency modulation relative to that due to amplitude modulation. Because of the repetitive nature of the discriminator response at other frequencies, it may be necessary to restrict the bandwidth of the broadband calibrating noise by means of a bandpass filter. 5.2.3.2 Measurement-Prior to the measurement, a signal generator is used to adjust the balanced mixer discriminator together with the differential amplifier, to have the minimum detectine sensitivify for the amplitude-modulation component in order to provide sufficient suppression of that component. The output from the selective amplifier is then assumed to be proportional only to the frequency deviation. The tube is operated under stated conditions. The power drive of the detectors is adjusted to the value normally required for mixer operation. and is maintained constant throughout the measurement. The carrier power is measured at, or referred to, the input of 3 dB hybrid 3. The frequency modulation component of noise power is evaluated in a manner similar to that for the measurement of sideband noise, using a tunable filter to transmit the carrier frequency with or without its associated noise sidebands (see 5.1.2 and Fig. 5). The noise sideband spectrum can be measured by tuning the selective amplifier or by means of a spectrum analyser. For narrow-band measurements, the calibration can be carried out using a signal generator with calibrated frequency modulation. 24

IS : 6134 (Part V) - 1980

Y
I

TUBE BEING MEASURED

TUNABLE FILTER

-$1 % 0 2 mLoAo
I

VARIABLE ATTENUATOR

ISOLATOR

1
PHASE SHIFTER 4

I
VARIABLE ATTENUATOR'

TWO-PATH BALANCED DISCRIMINATOR

3dB c HYBRlD

3

--) TERMINATION

1

si
NOISE SOURCE ISOLATOR BANDPASS FILTER

I
CALIBRATED - VARIABLE ATTENUATOR

+
LONG LINE

v _,

~
DETECTOR I , + + DIFFERENTIAL AMPLIFIER

t _
DETECTOR I

SELECTIVE AMPLIFIER

I

I
INDICATOR

FIG. 10 CIRCUIT U SING A TWO-PATH DISCRIMINATOR FOR THE MEASURE~IEKT OF F.M. NOISE BY D IRECT DmwxIoN

IS : 6134 (Part V) - 2980
measurements.

5.2.3.3

Precautions -

The following precautions should be taken during

a) 3 dB hybrids 3 and 4 shall be carefully balanced. b) The semiconductor diodes used as detectors shall be a matched pair over the dynamic range expected. cj `I'hc bandwidth of the detectors and the differential amplifier should exceed the frequency range of the noise sideband to be measured. 5.2.4 Amplitude and frequency modulation noise measurement close to the carrier using a high-Q microivave discriminator. 5.2.4.1 Theory-A block diagram of the circuit for this method is shown in Fig. 11. Measurements of frequency modulation noise components at frequencies spaced less than about 1 MHz from the carrier bccomc less accurate when direct detection methods are used (see 5.2.3) and consequently measurements are made in that sideband range by use of a discriminator at intermediate frequencies, often after carrier suppression at the radio frequency. In the case of measurement at the intermediate frequency, the sensitivity of the discriminator is limited by the overall noise factor of the mixer and intermediate frequency amplifier, together with the limited power of the signal input that can be applied to a microwave mixer. Because of these difficulties, it is usually easier to use a microwave discriminator at the radio frequency. In operation at the radio frequency, however, the input is similarly limited if the discriminator consists of a detuned resonant cavity. This limitation can be overcome if the microwave discriminator is balanced, that is, if the input carrier power is suppressed before the signal is applied to the mixer crystal, and then later reintroduced at a suitable level and in the correct phase to provide detection of the required modulation noise sideband. This can be achieved at the intermediate frequency where the reference carrier can be used for the switching signal in a phase detector. An advantage of this method is that the requirement for a very stable local oscillator is removed. By the use of an additional phase detector switched in quadrature with the first, a simultaneous mcasurcment of amplitude modulation and frequency modulation can be made so that their correlation can also be measured. The method described here uses only one phase detector. The sensitivity of this method increases with the modulation frequency, and is considerably higher than that obtained by use of direct detection methods at the higher modulation frequencies. Jn this method, a sinusoidal variation of signal frequency is first changed 26
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in phase in proportion to the deviation, then transposed to intermediate frequency with the phase change preserved and finally applied to a phase detector to yield an output proportional to frequency. The following property of a resonant cavity is used to obtain the change in phase and at the same time to suppress the carrier. When a modulated signal is applied to a resonant cavity, tuned to resonance at the carrier frequency, the signal reflected from the cavity depends upon a known relationship. The in-phase and quadrature components of the voltage reflection factor near resonance are shown in Fig. 12. The reference plane is that at which the cavity presents a short circuit at frequencies well off resonance, at which the cavity is matched, and only the quadrature component is significant, having a reflection factor 11, given by:

f0 = resonance frequency (a carrier frequency in the measurement), f -_ a sideband frequency near the resonance frequency, and QI, =: loaded Q . The effect on a carrier modulated at single low frequency, for example, is to suppress the carrier, change the phase of one of the sidebands, and change the phase of the other by the same amount plus 180'. Because of the high degree of suppression, the power delivered to the measuring circuit may be very much higher than with direct detection, thus considerably increasing the sensitivity to sideband noise. The sidebands then pass throtigh the signal channel and are detected by the phase detector. Depending on the phase of the reference signal, either amplitude modulation or frequency modulation sidebands will be detected. The varying output from the phase detector is examined by means of a selective amplifier or spectrum analyser, and the magnitude of the sideband components measured. The measured output from the reference channel represents the carrier amplitude, and hence the ratio between these two quantities will provide the required carrier-to-noise ratio. The effect of local oscillator noise near the signal frequency is made negligible by the choice of oscillator and the use of a balanced mixer that can provide a 10 dB to 20 dB improvement, The amplitude modulation noise near the local oscillator frequency may be ignored provided that leakage power from the discriminator is small compared with the local oscillator power at the mixer. Frequency (or phase) modulation of the local oscillator is insignificant if the signal and reference intermediate frequency amplifiers have equal slopes 28
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or time delays, since the effect would produce equal phase modulation of reference and leakage carrier. With a discriminator balance of 70 dB, the local oscillator frequency modulation noise may, in terms of frequency deviation, be IO* times worse than that of the signal being measured, before causing appreciable error. At frequencies well outside the cavity passband, the discriminator simply becomes a carrier filter, the noise sidebands being reflected with undiminished amplitude. The circuit basically comprises an input waveguide terminated by a matched resonant cavity. Coupled to the input waveguide are two channels : i signal channel and a reference channel. In the signal channel, the reflected signal from the cavity is coupled by means of a 3 dB hybrid to a mixer followed by an intermediate frequency amplifier, and finally a phase detector. A power sample from the tube being measured is coupled via the reference channel to the phase detector. In this circuit, the resonant cavity forms part of a bridge circuit incorporating a variable attenuator and an adjustable short circuit, which provide a variable impedance on one arm of the hybrid so that the cavity impedance at resonance may be balanced and the minimum carrier power transmitted to the signal channel. The amount of attenuation in the balancing arm for the optimum balance condition also provides a useful indication of the match presented by the cavity, and this fact may be used to ensure that the 29

IS : 6134 (Part V) - 1980 cavity has not been tuned in error to any spurious modes that may exist within the cavity tuning range. The carrier power is normally dissipated in the cavity, which may require cooling for high power. Since the sensitivity increases with carrier power, the highest level consistent with achievable balance should be used. 12 coupler or an attenuator may be used to reduce the power. Amplitude modulation noise occurring similarly in the two cl:anncls is suppressed at the output by the balanced action of the phase detector provided the sidebands do not extend appreciably towards the fi-equencies at which the quadrature components maximize. A rejection value of more than 40 dB is not difficult to achieve.
N OTE 1 -To measure sidebands up to 120 kHz requires a cavity 3 dB bandwidth of about 600 kHz. N OTE 2 -For high input powers applied to the discriminator and for high degrcr of carrier frequency suppression the measurements become complicated if the tube being measured has poor long-term stability. For example, in operation at a carrier frequency of 10 GHz with a discriminator bandwidth of 600 kHz, a frequency stabilit) of about 10e6 is requirrd for the measurement to be carried out conveniently, provided that an input level of the order of 1 W is used. NOTE 3 - If the tube is not sufficiently stable, an automatic frequency control system should bc used to lock together the frequencies of the discriminator and the tube being measured.

5 . 2 . 4 . 2 Mensuretnet~t (FIVf) -- Tl K equipment is set up and calibrated prior to the measurement by connecting a signal generator to the measuring circuit input. An unmodulated carrier at the reference frequency is used to adjust the cavity bridge circuit for maximum carrier suppression in the signal channel. The local oscillator frequency is set to centre the intermediate frequency in the intermediate frequency amplifier band. With the correct level in the reference channel, the carrier is amplitude modulated and the reference phase is adjusted for cancellation in the phase detector output. The carrier is then frequency modulated by a known amount and the output indicator calibrated. The tube is next connected in place of the generator and operated under stated conditions at precisely the reference frequency. T h e power is adjusted to provide the correct level in the signal channel. As a result of carrier suppression, a power of several hundred milliwatts may be required; lower power simply reduces the measurement sensitivity. The reference channel power is also adjusted to the correct level. The frequency modulation spectrum components are then measured and referred to the carrier power to provide the carrier-to-noise ratio, or to thermal noise level in effective bandwidth of the selective amplifier. T h e measured noise includes background noise. 5.2.4.3 Measurement JA.M.) - A lower sideband frequencies, the reference channel can be used alone to measure amplitude modulation 30

IS : 6134 (Part V) - 1980 plus background noise in a similar manner to direct detection. At higher sideband frequencies, the carrier suppression obtained by using both channels permits a more sensitive measurement. The reference channel phase shifter is adjusted to a phase that cancels the frequency modulation component, and the amplitude modulation sideband noise is measured as for frequency modulation (see 5.2.4.2). The sensitivity of measurement increases with sideband frequency at 6 dB per octave and directly with input power. Therefore, with a limiting sensitivity of 110 d% carrier-to-noise ratio at 1 W input 1 kHz from the carrier, the best method may be determined. 5.2.4.4 Precautions - The local-oscillator level-setting attenuator of the terminations in both channels' shall present a good match to the waveguide so that interaction between the two channels is reduced to a minimum. In the measurement of very small values of frequency modulation noise, it is essential that the ripple content of power supplies at the relevant sideband frequencies be very low; for example, a tube with a frequency pushing figure of 2 MHz per ampere, fed Tom a power supply having a ripple content of 10 PA, would produce 20 Hz deviation. Care is necessary in regions near the edge of the cavity resonance band because of changing phase and sensitivity. For the highest sensitivity very near the carrier, it may be necessary to maintain cavity tuning by adjustment during the measurement. 5 . 2 . 5 Measuremerlt of Xoise in Microrc~az~e Amplijiers U s i n g n .Zlicroiclaze Phase Discriminator 5.2.5.1 Measurement of c. w. nmpl$ers Theq - A block diagram of the circuit arrangement used for this method is shown in Fig. 13. A sample of the amplified signal is compared with a sample of the signal driving the amplifier. By adjustment of the attenuation and phase in the reference channel, the two carriers compensate within the 3 dB hybrid. l'he signal then appearing at port (3) consists only of the noise sidebands introduced by the amplifier and its power supply. The noise sidebands are demodulated in a low-noise mixer, such as a Schottky diode, by reinjection of the carrier at low level, typically of the order of 1 mW. Cancellation of the carriers in the 3 d% hybrid can be of the order of 40 d%. It is then possible to operate the phase discriminator at a relatively high level, typically 100 mW to 1 000 mW. Consequently, the sidcbands appearing at port (3) of the hybrid will correspond to a 100 mW to 1 000 mW carrier whilst the mixer will receive less than 0. I mW (40 dB directivity) of this carrier. By varying the phase of the carrier reinjectecl to the mixer, it is now possible to measure separately the noise components 31
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in phase or in quadrature with the carrier, corresponding respectively to A.M. and F.M. noise. Calibration is performed by introducing a known amount of amplitude modulation on one of the channels by the use of a calibrated PIN diode attenuator driven by a modulation generator. The calibrated phase shifter in the carrier reinjection channel is adjusted for maximum reading on the indicator. The equipment is now set for A.M. noise measurements. For F.M. noise measurements, it is only necessary to change the phase of the reinjected carrier by 90", the calibration remaining valid. A delay line can be used in the reference channel to equalize the electrica lengths of the two channels, including the amplifier, and to minimize the frequency sensitivity of the phase discriminator balance. The sensitivity of this type of equipment is limited by the noise factor of the receiver (for example, low-noise mixer and selective amplifier) and the total rf input to the mixer. If a conventional point contact diode is used, the noise figure of the receiver at X band, which can be of the order of 10 dB at 10 MHz intermediate frequency, increases linearly to 50 dB a t 1 kHz. By using a Schottky diode, the noise figure remains constant down to a few kilohertz from the carrier (typically 5 kHz) and then increases at a rate of 10 dB per decade. If a 10 dB receiver noise factor is achieved with 1 mW total rf input to the mixer (0 dBm), the minimum detectable signal will be - 134 dBm/kHz (minus 144 dBm/kHz, thermal noise at ambient temperature, plus 10 dB noise figure). The phase discriminator being balanced at a power level 20 dB to 30 dB higher than the local oscillator level, the theoretical limit of the carrier-to-noise measurement is 154 dB/kHz to 164 dB/kHz. In fact, the practical sensitivity is limited by the noise of the signal generator present in the reinjected carrier and the minimum detectable noise contribution of the amplifier is 20 dB to 30 dB below the signal generator noise.
NOTE -It is also possible to use a superheterodyne receiver with two balanced mixers to ensure the transfer of the noise to be measured to an intermediate freqency. In this case, a noise figure of the order of 10 dB can be obtained by using conventional point contact diodes. A block diagram of the receiver is shown in Fig. 14.

B0th`A.M. and F.M. noise are determined in terms of the carrier-to-noise ratio. If one wishes to express F.M. noise in terms of carrier frequency deviation, the following relation is used: OF,s = A0 (two sidebands) where nFrms is the rms deviation of the carrier frequency at modulating frequency f, corresponding to a carrier-to-noise power ratio equal to A decibels, in the bandwidth of measurement. 33
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IS : 6134 (Part V) - 1980 indicator. By tuning the selective amplifier, it is now possible to measure the A.M. noise power in the selective amplifier bandwidth as a function of fi-cquency deviation from the carrier. For F.M. noise measurements, the calibrated phase shifter setting is changed by 90". measurements :

Precautions - The following

precautions

shall bc taken during

Any appreciable imbalance of the phase discriminator resulting for instance from switching ofI the dc power supply of the amplifier tube during noise measurements will cause the mixer diode to burn out. During any adjustment of the tube input, such as change of operating voltage or frequency, it is necessary to protect the mixer by setting variable attenuator (4) to maximum attenuation. Known amplitude modulation used for calibration must be of sufficiently low index to ensure good linearity of the mixer, selective amplifier and indicator from calibration down to noise levels. The indicator should read the rms value of the amplified noise voltage. If a spectrum analyzer is used to give a visual indication of noise, it should be noted that this cannot be used for quantitative measurements. Care shall be taken to ensure that the PIN diode modulator does not introduce unwanted phase modulation and noise.

5.252 Measuremetlt of pulsed amplifiers Theory -A block diagram of the circuit arrangement used for noise measurements on pulsed amplifiers is shown in Fig. 15.
Jf a C. W. carrier is 100 percent amplitude modulated by rectangular shaped pulses of duration t at a pulse repetition. Frequency f (pulse repetition period r== -$), the transmitted signal appears in the frequency domain as a spectrum consisting of an infinite npmber of discrete lines separated by a constant frequency interval equal to f ~hertz, the amplitude of which is maximum at the carrier frequency and varies as: sin n.n $t

%-.a f.t wllere a f is the deviation in frequency from the carrier and t is the pulse
duration. The main lobe of the spectrum is then G Hz wide and will comprise $f spectral lines. 35
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IS : 6134 (Part V) - 1980 Ii'po is the peak transmitted power of the unmodulatrd carrier, the mean or average transmitted power is:

P,=P,. Y+P,.l..f
and the power contained in each of the main spectral lines (carrier or close to carrier) is:

The circuit used is basically the same as that used for C. W. amplifiers exocept that the balance of the phase discriminator must be achieved under pulsed conditions, which requires that the pulse shapes should be exactly the same in reference and signal channels. This is achieved by the use of two identical PIN diode modulators, one in each of the two channels, driven from the same pulsed v&age generator. Each PIN diode modulator, normally biased for maximum attenuation, is pulsed to minimum attenuation during a fraction of the total of the flat top portion of the pulse of the amplified signal. The two pulsed signals, being made identical in shape, can bc balanced in the phase discriminator. As pulse amplifiers are generally operated at high peak power output with limited gain, it: is sometimes necessary to add a preamplifier between the C. W` signal generator and the tube being measured. This preamplifier can be pulsed. The carrier reinjection shall be provided by a C. W. operating signal gcncrator. The power in the reference and signal channels is limited by the peak power handling capability of the PIN diode modulators, usually 1 000 mW. The selective amplifier must have enough selectivity to allow noise measurements between two spectral lines. The sensitivity of this type of noise measurements is limited by the noise spectrum of the signal generator because of imbalance in the phase discriminator. As the noise spectral power density in oscillators generally decreases very rapidly when the frequency deviation from the carrier increases, the sensitivity is strongly dependent upon the frequency interval between ,spcctral lines (pulse repetition frequency). At 1 000 Hz pulse repetition frequency a sensitivity of 70 dB in 1 kHz bandwidth below one of the main spectral lines can be achieved. N OTE - There is a definite advantage in not performing the measurement around the carrier spectral line but preferably farther from the carrier frequency, as low-frequency noise contributions from the mixer and signal generator are then reduced. 37
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Measurement - The method of measurement shall be the same as given in 5.2.5.1.

5.2.6 Modulation Noise Measurement Using a Swept-Frequency Spectrum AnaLyser

Receiver or

5.2.6.1 Theory-A block diagram of the circuit for this method is shown in Fig. 16. The method is useful for the continuous display and measurement of modulation sideband power or undesired oscillation such as may occur in backward-wave oscillators. The distribution of power in the frequency range of measurement is analysed by transposing the carrier and its sidebands to a suitable intermediate frequency and examining, by means of an intermediate frequency band-pass amplifier, the power in a part of the intermediate frequency spectrum selected by tuning or sweeping the local oscillator. An intermediate frequency bandwidth from 1 kHz to 2 MHz is commonly used and, with a carrier power of about 0.1 mW at the mixer, sideband power from -20 dBm to -90 dBm may be measured. A sweep range of up to 2 GHz can be achieved. Background noise is not usually significant in this measurement. The intermediate frequency should be high enough to avoid image channel responses when the required rf range is swept by the local oscillator. Thus a high intermediate frequency permits a greater sweep range and greater panoramic display for measurement. The video signal represents the average power within the intermediate frequency band which should be narrow enough to resolve any noise peaks that are required to be measured. Modulation frequencies lower than the intermediate frequency band cannot be resolved. The local oscillator noise may contribute to the indicated noise, but this can be minimized by correct operation of the mixer and choice of a local oscillator that can be phase locked. The sideband power thus displayed may include both amplitude modulation and frequency modulation. In some cases, for example backward-wave oscillators, the amplitude modulation may be small and the sideband power considered entirely due to frequency modulation. 5.2.6.2 Measurement-The tube is operated under stated conditions in the circuit shown in Fig. 16 and a suitable power is delivered to the swept receiver. The levels of sideband peaks are observed by varying the local oscillator frequency at a suitable sweep rate and displaying the responses due to the carrier and sidebands. The receiver swept-frequency range is adjusted to include as many as possible of the sidebands to be measured and, if required, the tube being measured is tuned over a range of frequencies so that variations of sideband power can be observed. The sideband levels are measured relative to the carrier by means of the radio frequency and intermediate frequency variable attenuators or the oscilloscope display, if calibrated. The frequency separation from the carrier, of each peak or 38
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= 10

log,, ; dB, at modulation frequency

s

fm

= (RC - &)dB
39
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PC = carrier power (W) Ps == sideband power (Wj ,

Kc = carrier level (dB), and
K8 : sideband level (dB). `The resolution of the measurement is limited by the intermcdiatc frcquency response. Therefore, if the bandwidth of the sideband response is approximately the same as that of the carrier, the ratio should bc expressed as above; if it is wider, the ratio should be expressed as carrier-to-noise poivcr density, given by (Rc-RS-f-10 log,, B) dB/Hz where B-intermediate frequency bandwidth (Hz). If the modulation noise is known to be frequency modulation noise, the deviation can be expressed as:

A,f=2fm&$=2fm [antilog,, b*J ]
where

3.f = peak deviation (Hz), and fm =: modulation frequency (Hz).
It should be noted that Ps represents the power in one sideband only. For pure frequency modulation of low modulation indes, there .will be one ,equal image sideband and either sideband can be taken for measurement ,of P,. If both amplitude modulation and frequency modulation arc prcsent at the same modulation frequency, the sidebands may have different power Icvels according to the phase of amplitude modulation rclativc to frequency modulation. It is not possible tb separate the amplitude modulation and frequency modulation components without a separate measurcment to determine one or the other. If the sideband is wide, the frcqucncy modulation noise is expressed as an rms"deviation per Hz, thus

J

F c Hz/Hz

-

XOTE 1 - The sideband response peaks do not usually present a steady oscilloscope ilnage and some judgement must be wed to estimate the time average of the masimum % aluc .
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NOTE 2 -The peak-to-peak deviation at modulation frequencies lower than the intermediate-frequency bandwidth can be estimated by observing the amount of jitter or thickening of the oscilloscope trace as a result of repeated carrier responses and relating it to the scale of the frequency sweep. The method is suitable only for comparatively high deviations and is usually limited by the frequency stability of the carrier.

5.2.6.3 Precautions - The following precautions shall be taken during measurement : 4 Care should be taken to avoid overloading the mixer, particularly if several signals are present, since overloading may cause intermodulation. b) The sweep repetition rate should be high enough to give continuous presentation if possible, but the frequency sweep rate should not exceed that for which the intermediate frequency and video circuits give their proper response.
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APPENDIX A (Clause 0.1)
TABLE OF b$EASUlWMENT METHOD CHARACTERIS'ZICS USE Mw.suRExE?4T
NOISIS

MnsuREMENT)

`Smmain

BAG& OROUND A.M. OR F.M.

'

High

L o w

5.1.1

Direct comparison General aS%%ment R'one with broadband of broadband noise source amplifier

1 to 10 MHz BackG3ir2Bctor (usually about ground 3 MHz)

3 dB

5.1.2

Co;;paFn2;uxd- Oscillatpr n o i s e 1 to 5 mW 1 to 100 MHZ 1 to 10 MHz BackCarrier-to-noise an (usually 10 to not rmmedIately (usually about ground ratio (referred 70 MHZ) source by sideadjacent to to 1 Hz band2 MHz) band su~prescarrier E.) width) 90 dB sion usinrt tunable filter CoFpy;oFoad- Oscill$x n+e an not unmed~atcly source by sideadiaceot to band suppression carrier using two tunable filter3 Compares broadband noise source by sideband suppression using balanced mixer Compares tube noise after detectiw with known signal at sideband frequency Oscillator noise not immediately adjacent to carrier 1 t" 5 mw 1 to 100 MHZ (usually 10 to 50 MHz) 1 to 10 MHZ
(usually about

170 dB

5.1.3

2 MHz)

A.i$.$d Carrie+o-noise .. ram (referred to 1 Hz bgagn:Zdtb)

170 dB

5.1.4

2 to 10 mlV

1 to 100 MHz (usually 3 to 50 MHz)

1 kHz to 2 MHz Backdependent on ground sideband f%? frequency

Carrier-to-noise ratio (1 Hz %%Tdth)

170 dB

5.2.1

Oscillator A.M. noise near carrier

1 to 5 mw

0 to 10 MHz IOHz to2hfflz A . M . Carrier-to-noise (usually 10 Hz dependent on daant ratio (1 Hz to 1 MHz) sideband bandxvidth) ground) frequency dependent on sideband
freqtXIWy near carrirr

170 dB

5.2.2

ComPares

tube

Oscillator P.M.
noise near

2 t;;o

noise with rf signal having known modulation. F.M. noise obtained from "sideband slone" discriminator C;!rzgbc broadband noise source of rf signal having F.M. noise obtained from twopath discriminator

carrier

10 Hz to 2 MHz FM. 0 to 10 MHZ Dependcut on (usually 10 Hz (dependent Efrequency on .uideband t o 1 MHz) around) near carrier frequency)

140 dB

rio

5.2.3

Oscillator P.M. noise

lo;~V20 10,:;; t o 1 0 :

1 b-Hz to 2 hfHz F.&I.

Carrier-to-noise ratio (3 kHz band) 14 dB (deviation 3 kHz)

120 dB (deviation IOkHz)

NO

5.2.4

&

Compares tube noise with rf signal having known modulation. F.M. noise obtained from frequency to Phase convertar and phase detector Compares tube noise with d signal having k+Io$411mAl~HOr . . tion by the we of a balanced phase discriminator

Oscillators A.M. and F.M. wry near carrier

100 mw 50 go 1 3 0

70 Hz to 1 kHz

A.hI. (aod background) 72. background)

136 dB -

Possible

5.2.5

Amplifier modulation noise A.M. and FM. c w or pulsed

100 mW to 1000 mW cw 1000 mW pulsed

10

Hz to 2 MHz

A.M. and FM.

c

w signal-tonoise ratio 160 dB in 1 Hz bandwidth p&cd: 100 dB below main

NO

5.2.6

Masures mod&- Os;Glat;~~~A.hf. . . tion sideband power or undesired oscillation

0.1 mW

- 2 GIIZ

1 kHz to 2 MHz AX. and F.M. &Zground)

20 dB
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APPENDIX (Clause 3.2.2 )

B

RELATIONSHIPS BETWEEN NOISE QUANTITIES B-l. MODULATION NOISE B-l.1 Modulation noise is generally related to the carrier level. TINS,

=
where

PC 10 log,, p n

PC = carrier power, and Pn = noise power in a bandwidth B Hz. If E is the amplitude of the unmodulated rf wave at carrier frequency F,,aE is the amplitude of the modulating voltage at frequency Fm, M is the modulation index A4 = .E The ratio of the power in the carrier to the power in one sideband is
E

If modulation is noise rather than sinusoidal, the carrier-to-noise ratio is sometimes expressed as : =20 l o g & -

(2)

A common mistake arises from improper use of peak and rms values in the above formulae, and in not specifying whether one or both sidebands are being considered. Formulae (1) and (2) give results differing by 3 dB in the case of sinusoidal modulation, but the results agree if both sidebands are considered (as they should be). In the case of F.M. noise, it is common to refer to an effective (or rms) frequency deviation. B-l.2 The modulation index of a frequency modulated carrier which is modulated by a discrete frequency to a certain frequency deviation is :
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where

M = modulation index
= peak deviation in hertz of the carrier frequency F +f = modulating frequency in hertz. The resulting first sidebands are located from the carrier by a frequency of -J-- the second sidebands by &2f, etc. B-1.3 The amplitude of rf voltages in the carrier and sidebands vary as Bessel functions of the modulations index. The voltage amplitude of the carrier will vary as Jo(M) ; the amplitude of the first sidebands as Jr(M), etc. Therefore, the relative amplitudes of the power in the carrier and the power in one of the first order sidebands will be: AF

Where the modulation index is small:

Then (3) becomes: -=20 log,, --$ Equation (4) gives the relationship between the carrier and the power in one of the first order sidebands for small modulation indices. It should be noted that the carrier-to-sideband power ratio varies both with peak deviation AF and the distance away from the carrier f. With this relationship, it is easy to correlate a noise power measured as so many decibels below the carrier in stated bandwidth, at any place in the spectrum with an equivalent power which would be generated by a discrete modulation at the same place in the spectrum. B-l.4 It is usual to define F.M. noise in terms of rms frequency deviation in both sidebands, In this case, we have:

v-

_

=20 ~%lO

.f
AFms

(two sidebands)

(5)

If A, is the decibel carrier-to-noise power ratio in a bandwidth of measurement B, Hz, the A, decibel carrier-to-noise power ratio in a B2 Hz bandwidth is given by:

&=A, _t- 10 lng

-$
2
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IS : 6134 (Part V) - 1980 If AF, is the deviation of the carrier frequency in a bandwidth of measurement B, Hz, the corresponding AF, deviation of the carrier frequency in a B3 Hz bandwidth is:

N OTE -These relations apply only when measured noise appears as a continuous spectrum. They do not apply when coherent spectral lines are present due for instance to power Supply ripple. Considering noise measurements under pulsed conditions the same relationships apply, but it is possible to relate the noise power to three different values of the carrier power: power of the unmodulated carrier PO (peak power), mean (or average) transmitted power Pm, or power in one of the main spectral lines I',. T h e following relationship applies:

where t = pulse duration, and T = pulse repetition period.
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ELECTRON TUBES IS: 1885 (Part IV/Set l)-1973 Electrotechnical vocabulary: Part IV Electron tubes, Section 1 Common terms (jrst revision) 1885 (Part IV/Set 2)-1973 Electrotcchnical vocabulary: Part IV Electron tubes, Section 2 X-ray tubes (first rmision) 1885 (Part IV/Set 3)-1970 Electrotechnical vocabulary: Part IV Electron tubes, Section 3 Microwave tubes 188.3 (Part IV/Set 4)-1970 Electrotechnical vocabulary: Part IV Electron tubes, Section 4 Cathode-ray tubes 1885 (Part IV/%x 5)-1972 Electrotechnical vocabulary: Part IV Electron tubes, Section 5 Pulse terms 1885 (Part IV/Set 6)-1972 Electrotcchnical vocabulary: Part IV Electron tubes, Section 6 Noise in microwave tubes 1883 \ (Part IVlSec 7)-1973 Electrotechnical vocabularv: Part IV Electron tubes, Section 7 Camera iubes 1885 (Part IV/Set +I973 Electrotechnical vocabulary: Part IV Electron tubes, Section 8 Photosensitive devices Electron 2032 (Part IX)-1969 Graphical symbols used in electrotechnology: Part IX tubes (other than microwave tubes) . 2032 (Part Y+Z%ZE)-1971 Graphical symbols used m electrotechnology: Part XIII Microwave 2597 (Part I)-1964 Code of practice for the use of electron tubes: Part I Commercial receiving tubes 2597 (Part II)-1967 Code of practice for use of electron tubes: Part II Special quality receiving tubes 2.597 (Part III)-1969 Code of practice for the use of electron tubes: Part III Transmitting and industrial tubes 2597 (Part iJb)--970 Code of practice for the use of electron tubes: Part IV Cathode-ray 2597 (Part V)-1971 Code of practice for the use of electron tubes: Part V Rectikrs and thyratroris 2612-1965 Recommendation for type approval and sampling procedures for electronic components 2684 (Part I)-1972 Dimensions of electron tubes: Part I Miniature `g-pin naval' type 2684 (Part II)-1972 Dimensions of electron tubes: Part II Miniature `7-pin type' (Jirst reoision) 2684 (Part III)-1971 Dimensions of electron tubes: Part III Octal base type 2684 (Part IV)-1971 Dimensions of electron tubes: Part IV Magnoval base type 2684 (Part V)-1972 Dimensions of electron tubes: Part V Loctal base type 3154-1965 Specification for X-ray tubes, diagnostic type 4096-1973 Method of measurement of optical focal spot size of X-ray tubes ( rerkion) 4147-1967 Method of measurements on conventional receiving electron tubes 4579-1968 Method of measurements on television picture tubes 4697-1968 Method of measurements on Geiger Mullcr counter tubes 5323-1969 Letter symbols and abbreviations for electron tubes 5627-1970 Methods of measurements on cathode-ray display tubes 5840 (Part I)-1970 Dimensions of cathode-ray tubes : Part I Tube outlines 5840 (Part II)-1970 Dimensions of cathode-ray tubes : Part II Bases 5840 (Part III)-1970 Dimensions of cathode-ray tubes : Part III EHT Terminals 6134 (Part I)-1978 Methods of measurements on microwave tubes: Part I Common to all microwave tubes [Superseding IS: 6134 (Part I/Set 1) and IS : 6134 (Part I/Set 2)] 6134 (Part II)-1973 Methods of measurement on microwave tubes : Part II Oscillator tubes
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